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PREFACE 

It is the purpose of this investigation to check 
the results of a previous study, mdo in 1950 by Dalton 
Hoskins and Richard I, Hudson, on the identification of 
certain clay mincrals by difforenticl thormal analysis. 
The check of these results is to be made by using 
similar techniques, procedures, clay samples and 
equipment, 

It is the further purpose of this study to 
ascortain the effcet of ecrtain variable factors 
such as heating rate, grain size, weight of Sanpete 
ratio of sample weight to standard — pro- 
treatment, and ion saturation, which influcnee a 
quantitative differential thormal analysis of threo 
clay minerals, —, icomnamen bentonite and an 


illite, 
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HISTORY 


Le Chatelier (1887) is credited with 
suggesting the nethod of differential thernal 
analysis and with conducting the initial 
investigations using this nethod, In 1904 Saladin 
and Le Chatelicr presented a paper describing a 
nodified apparatus but were unable to obtain 
strictly roproducible curves, 

Improved technique and apparatus developed 
an interest in tho application of the nethod to 
a study of clays and soils, ‘VJallach (1913) 
studied clays and Vohlen (1913) exaninod clays, 
bauxite, ani cilicd matcrials, Differential 
thermal analysis was applied to sinilar substances 
by Houldsworth and Cobb (19229 and Kurnakov 
and Urazov (1924). 

It hasn't been until rececnt years that record- 
ing and temperature control cquipment have bcen 
available with which investigators coulda obtain 
reproducible curves or soni-quantitative infornation, 
The presenteday intensificd study of tho nethod 
began in Franec With Orcel and Caillere (1933) 
and in the United Statcs with Insley and Ewell (1935), 


> 





During this period, many papors on differential 
thernal analysis were presented, notably: 

Caillere (1933-1934), Dubois (1936), 

Kazakov and Andrianov (1936) on nethods 

used in difforential thermal analysis, 

Kunanin and Kalen (1936) on theory. 

Menshutkin (1936) on history, 

Orecel (1935) on laterites, 

Thilo and Schunenann (1937) on pyrophyllite 

Wilcox and Bossard (1936) on self-recording 

apparatus. 

Norton (1939) on an cvaluation of the method 

as applied to clay ninerals. 

Orecl in 1935 presontcd a peper giving 
thermal curves for i1ost of the clay mincrals and 
many natural clays, Although Orcel susgested a 
possibility of quantitative ne no such 
analysis was attempted until 1938 when Norton 
presented his paper. 

The most recent applications of differential 
thernal analysis have. bcen numerous and varied, 
Of prinary interest to the soils engincer are 
the critical studies of many clay ninerals by 
Grin and Rowland (1942) and basic information on 
the general application of tho method presented 
in papers by Spoil, pened, Pask and 


davis (1945 ) e 
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Kerr and Kulp (1947, 1948, and 1949) have 
considerably added to the available infornation 
in their application of a seni-quantitative 
nethod of difforential therrial analysis to a study 
of clay nineral regions throughout tho United 
States for the Anerican Potrolecun Instituto, 

These investigators have also introduced a 
nultiple method of differential thermal analysis 
whereby it has boon possible to complote 18 tests 
in a normal cight~hour working day, (1) 

Work on the identification of clay minerals 
by differential thermal analysis was initiated at 
Renssclacr Polytcchnic Institute in 1948 by 
Costello, who uscd a tube furnace for heating 
the sanplos, measured the temperatures and 
differential tcnpeoratures with a portable poten- 
tionoter, and controlled the heating rate by 
manually operating the Varic, Tho following year 
Bystrowski added a Speedomax for recording the 
sample and differential temperatures but continucd 
to manually control the heating rate, During the 
suriner of 1949, lir. J, E, Munzor added a Brown 
Potentionctor - to record tho standard tenperature 
and to automatically control tho hoating rate - 
and assembled the equipnent in the form usod by 


Hudson and Hoskins for their work in 1950, 
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THEORY 
Differential Thermal Analysis 





The theory of differential thermal analysis 
was outlined by Speil in 1945, This theory was 
later modified by Kerr and Kulp in 1948 (1) and 
is included in this study as an aid to interpre~ 
ting the test results which fdliow, 

Two nethods are used in the study of the 
therrial properties of minerals. One method, 
equilibrium dehydration, uses a statio rethod 
of heating and is coneerned with the determination 
of the percent loss in weight as a function of 
temperature. Because of the inherent difficulties 
in this method of analysis, it is generally 
believed that differential thermal analysis 
offers greater possibilities for the study of 
clay mineral structure, 

Differential thernal analysis consists of 
comparing the thermal properties of an active 
substance with those of a thermally inactivo 
material, such as alumina, by heating the materials 
at a constant rate up to a temperature of 
approxinately jaeo° «,, 

The temperatures of both the active and inert 
materials are measured by seperate thermocouples, 
and the difference in temperature between the two 


materials is neasured by a differential thermocouple 





bridging the two substances, Suitable equipment 
records the temperatures at which the thermal 
changes take place as well as the intensities of 
these reactions, The final results appear as a 
curve showing the temperature difference between 
the active and inert materials--usually expressed 
in nillivolt equivalents--as a function of the 
tenperature of tho active material, 

The thermal changes which take place in the 
active materials are dehydration and decomposition, 
vehydration produces an endothermic reaction 
during which the sanple absorbs nore heat than 
the standard causing the temperature of the sarnple 
to lag behind that of the standaml., This terpera- 
ture lag introcuccs aon clectrical potential in 
the differenticl thermocouple which causes a 
displacenent of the differential tonperature 
curve in a negative direction, 

Deconposition produccs an exothermic reaction 
resulting from a break-down Gf the original 
crystalline structure during which heat is 
liberated from the active naterial causing the 
temperature of the sanple to be higher than that 
of the standard, The direction of the electronotive 
foree in the difforontial thermocouple due to an 
exothornie reaction is opposite to that of the 


flow eaused by an endothernic reaction and 
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results in a displacenent of the differential 
temperature curve in a positive direction, 

If the sample and standard material are 
at the sarie eee no electromotive force 
occurs and the differential thernal curve registers 
zero millivolts, 

Since the space does not permit a complete 
derivation of the differential thermal analysis 
— the reader is referred to the paper 
by Kerr and Kulp (1) in which this derivation is 
presented. 

The equation developed by Kerr and Kulp 
considers the dynamic effects of the differential 
flow of heat from the sample block to the therno- 
couples in the center of the sample and the heat 
of the thermal reaction, This equation was 
obtained by equating the following three itens: 

1. The quantity of heat added or subtracted 

from the test specimen due to exothernic 
_ or endothernic reactions. 

2. The quantity of heat brought in by flow 

from the netal block and absorbed by the 


specinen and standard. 
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Thus: 


Where: 


The amount of heat used in raising the 
tenperature of both the active and inert 
material. 
n-= &k fat 
AH at 
a 
mn = the mass of reactive material in the 


specinen 
@ = geornctrical shape congtant 
k = thermal conductivity of the test 


specinen 


OH = heat of reaction per unit mass of the 


reacting material, 


AT =the temperature differenee indicated 


by the difforential thermocouple 


at ao differential interval of time 


WW 


aandc = the integral linits of the differential 


teriperature curve for an endothernic 


or exotherric reaction. 


The derivation of the above equation neglects 


the temperature gradient in the systen by assuring 


that it is assentially the sane for both the 


active and inert materials, fFurthernore, the 


derivation assunes that the nass of both the 


test specigien and standard are equal and that 


temperature differences between the niekel block 


and stamard material as well as differences due 








to changes in the riean specifie heat and thermal 
conductivity of the test specinen are small 
colipared to those produced by other factors, 

The above equation denonstrates that the 
area under the differential tenperature curve 
is proportional to the mass of the reacting 
naterial, Since the geonetrical shape factor and 
the heat of reaction are constant for a given 
material and test conditions, the above relation 
would be lineal if the thermal conductivity of 
the materials renained constant throughout the 
test. It has not been denonstrated that the thermal 
conductivity remains constant. 

Selecting the linits of the differential 
temperature curve is purely arbitrary, and the area 
under the curve must be laboriously computed, 
Hence, most investigators concerned with a 
quantitative analysis are content with establishing 
the relation between the anplitude of the peak 
reaction and the quantity of the active material 
contributing to the reaction, It is this method 
which will be used in the investigation that 
follows, 


Clay Mineral Structure 





The general thermal characteristics of the 
three clay nincrals investigated are discussed 


as follows: 


2) 
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Kaolinite: The thermal curve exhibits an 
endothernic reaction at about 600° C and an 
abrupt intense exothernic reaction near 

1000° C, Most investigators agree that the 
endothernic reaction accompanies the dehy- 
dration of the mineral and the exothernic 
reaction is associated with the formation 

of garnma-aluninunm oxide, . 
Illites: The thermal curves show endothernic 
peaks at about 150° c,, 600-650° C., and about 
950° c., and an exothermic peak innediately 
following the third endothermic peak, The 
first endothermic peak indicates the loss of 
swelling water (water held between the basal 
planes of the lattice structure), the second 
endothernic peak accompanies the loss of nost 
of the lattice nT and the third endothermic 
peak is associated with the final destruction 
of the illite structures, The exothermic 

peak is probably associated with the formation 
of spinel, -. 

Bentonite: The thermal curves show endothernic 
peaks at about 1509 C,, 775° C., and an 
exothernic peak imnediately following the last 
endothernic peak, The initial endothernic 
peak, as in the curves for illites, represents 


the loss of swelling water, the second 
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endothernic peak accoripanies a loss of 
lattice water, The reason for the third 
endothernic peak is not fully agreed upon 
by all investigators, Grim and Rowland (2) 
suggest that it is associated with lattice 
a whereas Page (3) maintains that 
it is due solely to tho loss of the renaining 
lattice water, The extohernic peak probably 
accompanies the fornation of spinel. 
The kaolinite and illites both have an endothernic 
reaction between 500 and 600° CG, However, the 
intensity of the kaolinite reaction is about ten 
times that of the illite, This can be partially 
explained by the fact that the 1:1 lattice clay 
nineral (kaolinite) loses more water than the 
2:1 lattice clay mineral (illite); furthermore, 
Grin and Rowland suggest that this reaction also 
represents the destruction of the 1:1 lattice, 
The kaolinite curves are nore regular and show 
less variation than the illite curves, It has 
not been satisfactorily explained why the second 
endothernic peak occurs at about 100° Cc higher 
in bentonitcs than in ‘itiions when both clay 
minerals have the 2:1 lattice and about the sane 
anount of lattice water, The third i aie i 
peak appears to be characteristic of 2:1 lattico 


clay minerals. 


Cc) 


¢-—+ 


o. @ee webee 


Ch peer « 
' 


Se mre iam +& ee OL) oI! 








EQUIPMENT 

General Description 

The cquipnent used throughout the study was the 
sane as that used by Hudson and Hoskins in 1950 except 
for the addition of two furnaces to inerease the 
number of tests which could be conducted and to more 
fully utilize tlhe relatively expensive autographic 
recording equiprient,. 
Sauple Holders 

aie sample holders--deve loped by J. BE, Munzer-- 
were machined from a nickel block. Each holder has 
two cells, one for the test sample and the other for 
the standard, seperated by a slot 1/16 inch wide and © 
4 inch deep to reduce heat transfer between the cells. 
Each cell contains a temperature--measuring thermo- 
couple and a differential-temperature thermocouple 
which connects the two cells, The sample holder was 
mounted on a rod about 14 inches long to facilitate 
placing; and removing the holder from the furnace, 
Stainless stcel rods were found to be the nost 
effective in resisting oxidation at the high furnace 
temperatures, 
Thermocouples 

All thermocouples were made fron Brown ond Sheyrp 
18 gage chromel and alumel wire stock am were fused 


with a fine-tipped oxy-acetylene torch using bprax 





jo 

as a flux, The differential thernocouple consists 
of two leads of chromel wire bridged by a short 
length of alunel wire. The thermocouple junctions 
were cermtcrced in the cells and were held in place 
by porcelain tube insulators which also carried the 
thermocouple leads to tho exterior of the furnace, 
Conneotion of the thermocouples to the automatic 
recording equipment was made through a Jones plug 
nounted on the table supporting the furnoces, Add- 
itional leads connected the Jones plug toa terminal 
block in the recording cquipment cabinet. Sucha 
connection facilitated the operation of the three 
furnaces with one set of recording equipnient, but in 
order to make the necessary corrections, the tempera- 
ture at each cold junction must be noted, 
Furnaces 

The three test furnaces used were heavy duty, 
combustion type, Hoskins Model FH-305, 12 inches long 
with an inside diameter of 2-1/32 inches and were 
lined with an alunina tube having an inside dianeter 
of 1-1/2 inches, It was the original intent to use 
1750-watt heating elements supplicd by a twoekilowatt 
transformer with a maxinun output of 17 volts and 
118 amperes, However, certain operation difficulties, 
discussed in Appendix H, made it necessary to 


revert two of the furnaces to LOO00=watt elements 





supplied by a one-kilowatt transformer having 
a secondary output of 20 volts and 50 amperes, 
Temperature Control 
The rate at which the tenperature control 

indicator (black pointer) travels across the Brown 
Potentionetor is established by the ratio of gears 
in the chain-drive mechanism, The furnace temperature 
indicator (rod pointer) registers the temperature of 
the standard in the sarnple holder, The relative 
position of this indicator with respect to the 
temperature control indicator adjusts (by means of a 
can and lever device) the position af a motor-driven 
variable transformer, Variac V-20, having a rated 
output Of 3645 kilowatts and operating between O and 
135 volts, The Variac controls the voltage to the 
prinary of the furnace transformer and thereby main- 
tains the desired rate of temperature increase, 
Recording Equipnent 

_ A Brown Recording Potentioneter ——s Model 
No, 113661-X53/1H, nianufactured by the Brown Instru- 
ment Company, having a temperature range of 0 to 
1200 degrees — vias used to continuously 
record the temperature of the standard and to control 
tho rate of inereaso in furnace temperature as 


doscribed above, 








ast 


Tho saonple temperature and differential tenpera- 
tures were recorded by a Typo Gg, Model S 60000 Sorios, 
ee nanufacturod by Lceds and Northrup Company, 
The Specdonax has a tenporature rango of 0 to 1200 
degrecs contigrade and can rocord differential 
temperatures fron plus to minus 1.5 nillivolt oquivee 
lonts, This nultiplo-point recording apparatus, 
whon operated as a two-point ne plots thernal 
curves directly, succossivo points on cach curvo 
boing printod every six seconds, Sinco the thornal 
curves are printed on paper calibrated in degrecs 
centigrade, tho tonporature of the sample can be read 
directly fron the record shcet, but the evaluation 
of the differential thermal curve roquires the super- 
inposition of an cquivalont nillivolt scale, 
Preparation Apparatus 

Materials to be tested wore proheated in an 
Elconap o-mew, Model DPC-M=-60292, Thormocouple 
calibrations were nade in a Hevi-Duty Multiplo Unit 
Elecotric ifuffle — Type 66-P, with a naxinun 
temperature of 1000 dogrees contigrade, A Conco- 
Moinzer Siove Shakor, Cat. No, 18480, was used for 
sonple fractionation, Disperscd samples of the 
illite wore contrifuged in an International Centrifuge, 
Size 1, Type C, No, 8982, nanufactured by the 


International Equipment Conpany, 
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EQUIPIENT CALI3RATION 
Thermocouples 

The calibration of the thermocouples was 
necessary to prevent the use of faulty thernocouples 
and to pernit a nore exact analysis of the data 
obtained frort each test, By calibrating each therno- 
couple against a standard therriocouple, corrections 
can be made for slight variations, 

All thermocouples were calibrated by placing 
then in the iluffle Furnace with a standard therno- 
couple and heating then to a temperature of 1000 
degrees osntrigrade, The standard thermocouple 
had been previously calibrated by Hudson and Hoskins. 
To obtain consistent results, the cold junction 
tenperatures and the e,i1.f. of both the test and 
standard thernocouplese-!icasured by a Brown Portable 
Potentioneter--were recorded as the furnace cooled, 
By using two portable potentioneters, it was 
possible to calibrate four thermocouples at one 
tine, Each thermocouple was nunbered so that it 
could be identified in the assenbly of the sample 
holders and properly identified with tho data for 
each test conducted. 

Differential Thermocouples 

The differential thermocouples were calibrated 

to elininate thoso which were faulty and to establish 
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the zero base line of the differential thermal 
curve for the particular differential thermocouple, 
A differential thermal test on an assenbled sample 
holder, using an equal quantity of alumina in 
both the sanple and standard cell was sufficient 
to both check and calibrate the differential 
thermocouple, 
Recording Equipment 

The recording equipment was adequately calibrated 
during its initial instatlation by J, E, Munzer 
and by Hudson and Hoskins, Only occasional checks 


with a portable potentiometer were found necessary. 





PROCEDURE 


Samples and Standard 

Sanples of the three clay types tested were 
kaolinite fron Georgia (Wards't Natural Science 
Establishnent, Ine, }; Voleclay Wyoning bentonite 
(American Colloid Co.); and grundite bond clay, an 
illite-~bearing shale from Goose oe Illinois, 

The clay samples were ground and sieved to give 
variations in grain size fron 100 to 140 mesh, 140 
to 200 Gh, and from 200 to pan, Samples having 
a grain size from 140 to 200 mesh were used on all 
studies except those concerned with the effect 
of grain size variation on the differontial thermal 
curve, The sieved material was placed in evapora- 
ting dishes in a drying oven set at 50° C where it 
renained for at least 24 hours prior to testing, 
Because some of the material aggregates upon drying 
(particularly the kaolinite) each sample was resiéved 
immediately before being placed in the sample block. 

The standard material used was electrically fused 
crystalline alumina (Norton Company) and was ground 
and sieved to give the sane grain size distribution 
as the sample but was not oven dried, For each test, 
the grain size of the alunina was always the sane as 
the grain size of the sample, 
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Henceforth, the clay tested will be referred 
to as the sample and the alumina will be referred to 
as the standard, 

Prior to placing the sample and standard in their 
individual os the thermocouples were checked to 
insure that they were not in direct contact with the 
sample block and that each was centered in its cell, 
Each insulator around the thormocouple wire was 
adjusted so that its cell face was flush with the 
wall of the cell, 

The two types of tests conducted required two 
different procedures in preparing ond placing the 
naterials in the sample holder, Tests to check the 
results of the study made by Hudson and Hoskins 
required cell volunes of naterial coripacted in tho 
sane manner adopted by them, The second phase of 
this investigation necessitated the use of known 
weights of sample and standard, Various weight ratios 
were used in order to study thoir effect on the 
nagnitudes of reactions on the differential thermal 
curves. 

Where tests required a coll volune of nen 
the sample and standard were placed in their respective 
cells amd compacted by tapping the botton of the 
sonple block until the matorial was flush with the 
top of the cell. This was the method adopted by 
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Hudson and Hoskins and was used during the first 
phase of this investigation to permit comparison of 
results by insuring maxinun consolidation and 
uniform density. 

For tests requiring known weights of sample and 
semana the material was reseived upon removal fron 
the drying oven and was accurately weighed to 
within #9,001 gran on an analytical balance before 
being placed in the sample holder. The weighed material 
was also consolidated by tapping the botton of the 
sample block, 

It should be noted that in order to obtain 
consistent results, the thermocouples should be 
sufficiently covered by the material in each cell, 
thereby establishing a nininun anount of material 
Which can be accurately tested, 

The effect of pre-treatment on the illite~bearing 
shale was studicd on samples of grundite prepared 
as follows; 

4s Received: The naterial was sicved just as it 

eane fron the containers and was tested without 

being oven dried. 

Oven Dried: The material was ducted, placed in 

the drying ovon at 50° C for at least 24 hours 

prior to being resieved and tested, 








Dispersed; The grundite was dispersed in distilled 
ietOR seauten: decanted, and centrifuged, 

After drying at 50° C, the sample was ground 

and sieved before being tested, 

Treated with H20,: The sample was dispersed in 
distilled water, treated with 30% hydrogen per- 
oxide, sores, decanted, centrifuged, redispersed 
in distilled water and recentrifuged three tines 
before being attra, eubuta, saeHee, and tested, 


Treated with H,0, and HCl: A portion of the 


2 
sample treated with just hydrogen peroxide was 
also treated with dilute hydrochloric acid prior 
to settling. After sseutilg, the matcrial was 
dBiomneedi, centrifugod three tines before boing 
aca! Meus, sieved and tested, 
Sanples used in the investigation of the effects 
of ion saturation on the differential thermal curves 
were prepared by W. D. Ennis and J. C. Hufft fora 
thesis entitled: "Investigation of the Effect of Various 
Cations on the Atterberg Linits of Kaolinite, Illite, 
and Montmorillonite", Tho reader is referred to the 
above nentionea thesis for a description of the 
procedure employed in the preparation of these samples. 
Operation of Equipment 
Aftor the sample and standard had been placed 


in the sample holder, the thermocouples were connected 
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to the recording equipment through the Jones plug. 

The batteries for operating the internal circuits of 
the Brown Potentiometer and the Speedomax were 

then connected, and the compensating rheostat was 

set to provide a predetermined initial voltage 

setting on the Variac, At this point, the switches 
to the furnaces and the main power supply were closed, 
The electronic cirouit of the Snecdomax is 
automatically balanced, but the circuit in tho 

Brown Potentiometer must be balanced manually. 

During these euenumennes, it has been determined 
that a more uniform heating rate and consequently more 
consistent results could be obtained by turning off 
the Brown Potentioncter after balancing the internal 
circuit and sotting both indicators at 75° C, By 
properly setting the compensating rheostat to estab- 
lish the correct initial voltage from the Variac to 
the furnace, and by setting the temperature control 
mechanism on the Brown into operation when the oven 
has reached a temperature of 75° C (as indicated by 
the Speedomax), the hunting cffect of the temperature 
control mechanism can be virtually eliminated, 

On the basis of a recommendation by Hudson and 
Hoskins, a heating rate of 1023° C per hour was used 
throughout this investigation, The heating rate is 
established by the ratio of gears in the chain drive 






A OG) 0 emt!) 


. 





gi 


é. 


for the temperature control mechanism of the Brown 
Potentiomter, At a temperature of 12009 C, the 
temperature control indicator opens a mechanical cut-off 
switch which operates a relay, The activation of 

the relay automatically shuts off all power to the 
equipment and furnaces at the ond of cach test run. 
Data Recorded: 

The following data is considered to be essential 

for cach test conducted: 

1. Number of Run: To identify the Brown and 

Spcedomax recordings with the data. 

2. Date of test: 

3. Sample tosted: Identify by mincral name or 
origin, 

4, Stamard Used: Usually Alumina Silicato, 

5. Grain size of Sample and Stamard: 

6. Quantity of Sample and Standard Used: By 
either cell volume or weight in grams, Ifa 
mixture was eda, the weights of each material 
in the mixture, 

7. Thermocouple Numbers: To correct for varia- 
tion in original calibration. 

&, Cold Junction Temperatures: To make the 
necessary corrections for cold junction 


variations. 
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Heating Rate: Both that established by the 
gear ratio in the Brown am that indicated 

on the Brown Rocording. 

Furnace Wattage: This investigation used 
both 1000 and 1750-watt furnaces, The results 
obtained from oach furnace varied slightly 

and this variation must be corrected for 

in the results and should be properly accounted 
Toi 

Remarks: Deviations from standard procedure, 
equipment, material, or any other pertinent 


information. 








RESULTS AND CONCLUSIONS 

General 

During the process of evaluating the 200 or 
more tests conducted during this en 
certain fundamental propertics of the differential 
temperature curyo became apparent, These properties 
are discussed at this point to assist in the 
explanation of the results and conclusions which 
follow, 

As has bcen noted by other investigators, 
the temperatures at which the peak endothermic 
and exothermic reactions took place are a 
particular property of cach clay mineral, It is 
this proporty which makes possible the identifica- 
tion of clay mincrals by difforential thermal 
analysis. 

The theoretical discussion indicated that 
the areas under the differential temperature 
curves (and hence the magnitudes of the peak 
reactions) are proportional to the mass of tho 
reacting material, This fact makes possible 
quantitative analysis of clay mincrals by differen- 
tial thermal analysis, 

Certain tests, notably thosc on the effect 
of varfations in grain size (Appondix C), 
evidenced a constant displacement of the differon- 


tial tomperature curve with respect to tho zero 





millivolt linc of tho Speedomax, Other tests, 
using known weights of the sample and varying 
weights of gtandard, revealed that the magnitudes 
of the reactions for equal weights of the sample 
remainod constant when measured from the displacod 
basc lino of the curvo and that the magnitudes 
were not apparently effected by tho displacement, 
The displaced base line was taken to be those 
portions of the differential temperature curve 
which were known to oxhibit no thcrmal reactions, 

From these tests the authors concluded that 
two factors must be responsible for the displace- 
ment of the differcntial tempcrature curve, 
These factors are the relative thermal conductivitics 
of the sample and standard and the relative moan 
specific heats of the sample and standard, Of 
these two factors, the relative thermal conduc- 
tivity is considered to be more influential on 
the observed displacement, Furthermore, it is this 
factor which is considerably affected by the 
relative physical position of the thermocouplos 
in the sample and standard cells and the method 
used in placing and compacting the materials in 
the cells, 

The influcnee of the relative thermal 
conductivity on the displacement of the difforen- 


tial temporaturo curve oan be analized by a study 
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of the equation for a steady state of heat flow, 





ceswiniiee = a 
Where q = the time rate of hoat flow 
K = the thermal conductivity 
A = the area measured perpendicular to the 
direction of heat flow 
To = the temperature of the nickel block 
fy = the temperature at the center of the 
cell 
d = the distance measured in the direction 
of heat flow 
Let 4 = @g, the geometric shape factor (scc 
THEORY), which is the same for both cells. Since 
the rate of heat flow (a) is the same from the 
block to sample and standard, the difference in 
temperatures between the nickel block and center 
of the cell (B, - T; ) is inversely proportional to 
the - conductivity (K), Thus, if the conductivity 
of the sample material were lower than that of 
the standard, the temperature difference, T, - Tj, 
would be consistently greater for the sample 
than for the standard, Hence, the temperature 
recorded by the thermocouple in tho sample would be 
constantly lower than that recorded by the thermo- 
couple in the standard, provided of course, that 
no heat was being absorbed or libcrated by the 


sample itself, From the description of tho 


operation of the differential thermocouple 
containod in the section on THEORY, it can be 
scen that this difference in tcomperature between 
the sample and standard would cause a constant 
displacement of the differential temperature curvo 
in an endothermic direction. A displacement in 
the opposite dircetion would result if the thermal 
conductivity of the standard were lower than that 
of the sample. 

From the foregoing, three important conclusions 
have been reached: 

lL. The zero base line of the differential 

temperature curve is a relative function 

of the metorials boing tested and is not 

neecssarily a charactcristic of the equipment 

used in conducting the tests, 

2 The magnitudes of the thermal reactions, 

measurod from the displaced zero base lino 

of the differential temperaturo curve, are 

not affeotod by the displacement, 

3. The evaluation of a differential temper- 

ature curve and particularly o quantitative 

diffeorontial thermal analysis should be made 

with respect to the displaced zoro base linc 

of the curve, 

The location of the displaced baso line isa 


factor which has presented a great doal of 
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difficulty in previous attempts of a quantitative 
differential thermal analysis. aA change in the 
relative thermal conductivyitios or mean specific 
heats during a test can cause a change in the 
position of this reference line, Most important, 
a slight variation in the location of the base 
line can cause a slight change in the amplitude 
of the peak reactions and a considerable change 
in tho arca under the diffcrential temporature 
curve, thus giving an crroncous indication of 

the mass of active matcrial in the sample, 


Verification of Previous Results 








The portion of this investigation concerned 
with the verification of previous results is 
evaluated in the following scctions. 

Hoating Rate: 

Hudson and Hoskins concluded from their study of 
the effect of various heating rates on the diffcren- 
tial thermal curve that a lower heating rate 
results in a smaller amplitude of reaction, These 
results were accepted without verification bocause 
they are in agrcement with theory. A low heating 
ratc incroases the period of tine over which a 
given temperature change takes place. The area 
under a differcntial temnerature curve 

ropresents the cnergy libcratecd or absorbed by 

the active matcrial for a cortain change in 


temperature and is indepondont of tho heating ratc. 


~) 
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Therefore, for a low heating rato tho reaction 
would oxtond over a large period of time and the 
amplitudos of the reactions would be small, 
Conversely, for a high hoating rate the roaction 
would extend over a short period of timc, For 
the same liberation or absorption of cnergy, tho 
area under the thermal curve would also bo the 
samc, Thus, the amplitudes of the reactions for 
a high heating rate would be larger than those of 
a low heating rate, 

The use of a low heating rate would give 
greater scnsitivity in the control and recording 
of thermal rcaction tompcraturcs but would 
necessitate the use of suitable cquipment to 
amplify the difforcntial tomporatures, The 
heating rate of 1023° C ver hour used throughout 
this investigation is considercd to bo an optimum 
for the particular equipment employcd without 
amplifiers, 

Grain Sizo of Thermal Standard: 

Hudson and Hoskins conducted a series of 
tosts in which alumina was usod as both tho samplo 
and standard material. The grain sizo of tho 
standard romainod constant at 60 - 100 mosh while 
the grain sizo of tho sample was dosroasced from 
60 - 100 mosh to 200 - pan, A‘roview of tho data 


obtained from these tests revealed a constant 
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displacement of the differcntial temperature 

curve in an endothermic direction, This displace- 
ment increased as the grain size of the sample 
decreased, 

The above effect can be explained by the 
fact that the thermal conductivity of a granular 
material dcereases as the grain size of the 
material decreases, The conductivity decreases 
because the total number of voids increases while 
the size of the voids bccomes smaller for a given 
volume of material compacted to the same density, 
From the foregoing gcneral discussion it can bo 
seen that the reduced conductivity of the smaller 
grain sizes should cause a displacement of tho 
thermal curve in an endothermic direction, 

Hudson and Hoskins conducted further tests 
using a constant grain size of 60 - 100 incsh for 
the alumina standard but varying the grain size 
of a kaolinite sample, Once again a displaccment 
of the thermal curve could be detceted, This 
displacement increased in the endothermic direction 
as the grain size of the kaolinite docrcased, 
which is again consistent with the above observa-= 
tion, It is therefore concluded that the relative 
grain sizes of thermal standard and sample 
affects the location of the differential tempera- 


ture curve with respect to the zoro millivolt 


lino of tho Speedomax, It is belicved that Hudson 
ond Hoskins were ossentially correct in using 
the samo grain sizo for both sample and standard 
in an cndoavor to climinato this cffcct,. 
Grain Size of Clay linoral: 
The following two observations wero mado as 
a result of the studics on tho offcct of varying 
the grain size of the clay mincral: 
1, There is a variation in tho magnitudes 
of poak reactions with diffcront grain sizos, 
2. There is a displaccmont of the thermal 
curve which changes with varying grain sizos. 
It has beon demonstrated theorotically that 
the arca under the differential tompcrature curvo 
(and hence the amplitude of tho poak reaction) 
is proportional to the mass of tho reacting 
substance, Actual weight mcasurements were made 
by Hudson and Hoskins to confirm the fact tmt tho 
amount of matorial tested in a givon ccll volume 
decreased with decercasing grain size. It should 
therefore be expectcd that the magnitudes of both 
the exothcrmic and cndothermic reactions should 
dcerease with decroasing grain sizos of all throe 
clay minorals tested. Grain sizo studics mado 
during this invostigation confirmed tho above 
expectations, (Seo Appendix C). 
Hudson and Hoskins concluded from thoir 


studies of variation in tho grain sizo of clay 
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minorals that the intensity of the endothcrmic 
reaction of kaolinitc doercascd with decrcasing 
grain sizo, wheroas the intcnsity of the sccond 
and third cndothcrmic reactions of bentonite and 
illite inereased with decreasing grain size, 

Hudson and Hoskins also observed that the 
thermal curves for kaolinite wore increasingly 
displaccd in aon exothermic dircction whilc the 
displacement of the bontonite and illite curves 
inercasced in an cndothormic direction, Since 
the curves were drawn with respect to the zero 
millivolt line of the Spoodomax, this displacc- 
mont was sufficient to indicate that the reactions 
inereased with decreasing grain sizc. However, 
by moasuring thc magnitudes of tho reactions from 
the displaced baso linc (taken as the tangent to 
tho position of the curve between the second and 
third cndothcrmic reactions) no variation in the 
intensitics of the roactions for bentonits and 
illitc could bc dotccted, 

Tho magnitudes of the poak reactions of 
bentonite and illitc are considcrably smaller 
than those of kaolinito, Hcnceo, a small differenco 
in tho amount of material tested, the manner in 
which it is compactod, a slight variation in 
heating rato, the longth of time which the 


moterial is loft in the drying ovon, or ovona 


RAR ee D1 ee Oe eri 
le teow 46 w 





slight variation in the samplo itsclf would be 
sufficient to nullify a diffcrence in tho amplitude 
of the reactions, 

The curves showing tho cffect of variation 
in grain size in Appendix C were also plotted with 
respect to the zoro millivolt line of the Speedo- 
max. The displacement of the curves for all threo 
clays increases in an cxothermic direction, Only 
a difference in tochniquo could account for the 
deviation in this direction of displacement of 
tho bentonite and illite curves prepared by 
Hudson and Hoskins. 

Since the thermal conductivity of both the 
Samplo and standard decrcascs with dcercasing 
grain size, the increased displacoment of the 
curves in the cxothermic direction obtained by 
this investigation can be cxplaincd only if tho 
rate of dcerease in conductivity of tho standard 
is greater than that of the sample, It is logical 
to assume that the rate of change in the sizo and 
number of voids between the flat, plato-shaped, 
clay-mineral particles is Slower, than that of the 
more spherical alumina crystals. 

Standard Differential Thormal Curvos: 
Verification of standard differential thermal 


curves for illite was not possiblo becauso a 


different illite-bearing matcrial was used throughout 
this investigation, Though tho curves oxhibit 

small endothermic reactions at about 600° Cc 

and 900° C which aro typical of illite, thoy also 
show a large oxothormic reaction near 500° C which 
is not reported by othor investigators, Thus 

it can bo concluded that the illito-boaring shalo 
(grunditeo) contains but a small portion of illite 
clay. 

By using cssentially the samo tcchniquos 
adopted by Hudson and Hoskins it was possible to 
duplicate the differential thermal curves of 
kaolinite and bentonite with sufficient accuracy 
for a qualitative analysis, Howcevor, the duplica- 
tion was not considered sufficiently accurate 
for a quantitative analysis, The magnitudes of 
the poak reactions obtaincd wore consistontly 
lower than those obtained by Hudson and Hoskins, 
indicating that tho amount of matorial placed 
in a givon coll colume was consistently less 
throughout this investigation, It is therefore 
concluded that though one operator can achiovo 
consistent rosults using a givon oall volume of 
material, duplication of rosults sufficicntly 
accurato for a quantitative analysis requiros 
the uso of known woights of thg activo matorial 
boing tosted. 


Factors Affecting A Quantitative Analysis 
Two methods of cffocting a quantitativo 
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difforential thormal analysis have bcen proposed. 
One mothod consists of comparing the magnitudes 

of the peak reactions of the unknown sample with 
the corresponding magnitudes of peak reactions 

for the same volumo or weight of a pure minoral 
sample. A socond mothod consists of proparing a 
calibration curve showing the variation in 
Magnitude of poak reactions as a function of 

the pereent of pure minoral present in a controlled 
mixture of mincoral and inort substanco, Theo 
magnitudes of the peak roactions of a thormal 
curvo for an unknown sample are then uscd to 
determine from tho calibration curve tho perecnt 
of a given mincral prescnt in the sample. Since 
the results of both methods arc dependent upon 

a comparison, it is ossential that cortain factors 
which influence the thermal reactions bo properly 
ovaluated and controlled. A discussion of these 
factors follows, 

Heating Rate and Grain Size: 

The effect of variations in heating rato and 
grain sizes of matcrials tested has bcon previously 
discussed. Thus, to obtain comparable rosults tho 
heating ratc used should be the same for all tests, 
In addition, tho grain size of tho unknown sample 
tostod should bo the same as that of the materials 
uscd in doveloping oithor standard difforcntial 
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temperature curves or weight-calibration curves. 
Pretreatment: 

Since the grundite bond clay was known to 
contain but a small portion of illite, it was 
dcomed necessary to treat tho material in various 
manners in an offort to obtain mcasurable 
differential temporature roactions, The curves 
obtained are presented in Appendix D and show 
conclusively that the method of preparing a 
samplo for differential thermal analysis affects 
the shape of the difforcntial temporature curve. 
Since the curves woro plottod with respect to the 
zero millivolt linc of the Spcedomax thoy also 
exhibit notable differences in displacement. 

The thermal curve of the material tested 
without previous treatment indicates - by the 
endothermic displacement of the curve - either a 
low thormal conductivity or low mean specific 
heat or both, This curvo also has a large 
initial endothermic reaction indicating the 
presence of a considorablo amount of absorbed 
basal plane moisture (swolling water). 

The thermal curve obtaincd after drying tho 
sample 24 hours at 50° @ indicates that most of 
the swolling watcr was romoved and that the thormal 
conductivity or heat capacity of the matorial was 


increased, 
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Disporsing the material in distilled water 
inercased tho amplitude of the reactions, 
Troating the dispersed sample with H90, aid not 
appreciably affect the differential temperature 
curvo, thereby indicating that little organie 
matter was present in the original matorial. 

The thermal curve of the sample treated with 
hydrochlarie acid cvidences a change in structure 
of the original material by a shift in the 
temperature at which the initial oxothcrmic 
reaction occurred . This would suggest that 
an excess of hydrochloric acid has bcen used in 
the treatment, It is also intercsting to note 
that this curve exhibits larger endothormic 
reactions which undoubtedly are due to the 
increased prescnee of hydroxyl ions in tho crystal 
lattice structure. 

Clay samples prepared by Ennis and Hufft for 
their work on ionic cxchange (4) were made 
available for differential thormal amlysis, and 
curves resulting from this study are also presentcd 
in Appendix D, These curves presont further 
evidence that preparation of the clay samplc 
affects the differential tompeorature curve, 

These curves are particularly interesting becausc 
they show that Ennis and Hufft were successful 
in at least partially replacing the hydrogen 


ions, It is also significant to note for the 
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monovalent cations of the kaolinito and bentonite 
samples that the magnitude of the reactions 
decrease in tho same order as that of the 
lyotropic serics developed by Hans Jonny (5). 
This scrics is not strictly indicated in the 
illite samplc,which is to be cxpccted howover, 
since the magnitudes of the reactions arc so 
small that a differencc in the amplitudes was 
often difficult to detcct. 

The offoct of ion saturation on the 
differential tempcrature curve also sugeests 
that the onvironment in which a clay mincral is 
weathered would affoct a quantitative analysis 
by the differential thormal method, 

Pretreatment of materals to be tested also 
include drying them at 50° ¢ for at least 24 
hours prior to testing. All samples remained 
in the drying oven at 50° C for the duration of 
the investigation, Repeated tcsts on these 
samples over an cxtended poriod of time indicated 
a gradual deercase in the magnitudes of all 
reactions, It was thus concludcd that leaving 
the samples in the drying oven for more than 24 
hours removes not only the hygroscopic moisture 
but somo of the crystal lattice wator as well, 
Woight of Sample: 


Hudson and Hoskins ondcavored to develop 
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standard differential thermal curves for use in 
a quantitative analysis, However, since it was 
not possible to duplicate these standard 
differential tomperaturo curves with sufficiont 
accurary for a quantitative analysis, it became 
necessary to devolope a method whoroby the 
quantity of matcrial tcsted could be accurately 
controlicd. 

Two series of tests wero conducted to 
determine the effect of tho weight of the active 
material present in the sample on the thermal 
curve. In ono scrics of tests, the weight of a 
kaolinite sample was decreased in 20 perecnt 
increments, whercas in the other scrics of tosts 
the kaolinite was mixed with alumina. Although 
the total weight of the sample mixture remaincd 
the samc, the weight of active matcrial in the 
sample was reduced in the samo 20 pereent inere- 
ments, The results of these two sorics of tests 
are shown by the first two scts of curvos in 
Appendix E, 

The results of this phase of the investigation 
indicated that a definite correlation cxists 
between the weight of active matcrial proscnt and 
the magnitudes of the reactions, The curves 
showing tho offcect of sample woight wore plotted 
with respect to tho zero millivolt line of the 
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Spcedomax and indicate a considerable displace- 
ment as the weight of kaolinite dccreases. 
Nevertheless, the magnitudes of reactions 
measured from the displaced base line of the curve 
are essentially the same as the magnitudcs of tho 
reactions for the same weight of kaolinite mixcd 
with alumina, These scries of tests offor further 
evidence that the amplitude of the peak reactions, 
measured from the displaced base linc, are not 
affected by the displacement of the thermal curve, 

It has been recommended by some investiga- 
tors (6) that quantitative data could be obtained 
from differential thermal curvos, provided the 
weights of sample and standard used are propor- 
tioned according to their spcecifie heats, From 
the series of tosts doseribced above, it can be 
concluded that tho magnitude of the reactions is 
dependent only on the quantity of clay sample 
present and that the ratio of sample weight to 
standard weight merely affccts the displaccment 
of the curve. 
Weight Calibration: 

Prior to performing a quantitative analysis, 
it was necessary to determine the relationship 


between magnitudes of pcak reactions and the 
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percent by woight of a pure clay mineral present 
in the samplo, Difforential temperature ourves 
for mixtures of puro clay minerals and alumina 
are included in Appendix E, Those curves were 
plotted with respect to the baso line of the curve, 
The sample woight used was the maximum which 
could be conveniontly placed in the sample cell, 

From these tests a series of calibration 
curves for each of the three clays were prepared 
which indicate the relation between the magnitude 
of the peak reactions and weight of active 
material present, (Appendix F), It was hoped 
that theso calibration curves could be usod to 
determine the woight of cach type of clay present 
in a mixture of two or more clay minerals, 
Mi xturess 

Tosts wore conducted on mixturos of bentonite 
and kaolinite in which woights of the two minerals 
wero made tho same as thosoc used in preparing tho 
calibration curws (Appendix G). Again the 
magnitudes of tho poak reactions, measured from 
the displaced baso linc, were plottod as a function 
of tho weight of oach clay mineral present in the 
mixture. Curves showing a comparison of the 
magnitudes of roactions for known weights of clay 
in alumina mixturos and mixtures of the two clays 


are also contained in Appondix G, 





—- 
a Sf. 
’ a -— 
~ mz 





An analysis of these curves roveals that the 
magnitudes of the kaolinite endothermic reaction 
for tho koolinitc-bentonite mixturo is consistently 
lower than tho magnitude of the same reaction in 
the kaolinite-clumina mixture for the same weight 
of kaolinite prcsont, Thc curves comparing theso 
roactions are almost parallel and evon oxhibit 
the samc reversal at 0.5 grams, 

Tho curvos showing 2 comparison of the 
magnitudes of tho kaolinite oxothcormic reactions 
indicate that the magnitudes of the exothcrmic 
roactions are also considerably lower for the 
kaolinite-bontonite mixture than for tho kaolinito- 
Olumina mixturo. These curves also exhibit 
reversal at 0,5 grams which is more pronounced 
for tho kaolinito-bontonito mixture than for the 
kaolinitc-alumina mixture, 

Tho curves showing a comparison of the 
magnitudes of tho first significant bontonite 
endothermic reactions for known woights of 
bentonite in bontonite-kaolinite and bentonitee 
alumina mixtures indicate that the megnitudos of 
the reactions for the bontonito-knolinite mixture 
are considorably grcator than those for tho 
bontonitc-alumina mixturo, The grcatest diserc- 
pancy appoars to occur at about 0.4 grams where 
tho magnitude of tho reaction for tho bentonito- 


kaolinite mixture is noarly twicc that of tho 
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reaction for the bentonite-alumina mixture, 

Thus, in a mixture of bentonite and kaolinite, 
the reactionsof the kaolinite are lower than those 
obtaincd from the calibration curves, while the 
bentonite reactions are considerably highor, 

From this investigation it can be concluded 
that the thermal characteristics of a mixture of 
active clay minerals are different from those 
of clay-alumina mixtures. It is reasonable to 
assume that these differences are duc to changes 
in both the mean thermal conductivity and mean 
heat capacity of the clay mixturos, Furthermore, 
these changes in the thermal charactcristics are 
not constant but vary with the proportion of 
active materials present. A quantitative 
differential thermal analysis which does not 
consider the difforence betweon the thermal 
characteristics of a mixture of active matorials 
and a synthetic mixture of a pure clay mineral and 
alumina can not depend on accuracies of more than 
50 percent. 

It is regretted that time did not permit a 


more thorough investigation of this phcnomenon, 
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Summary 


In conclusion it can be stated that a 
considerable number of factors influcnee the shape 
of the differential temperature curve, The 
success of an accurate quantitative differential 
thermal analysis depends not only upon a full 
evaluation of these cffocts but upon their 
rigorous control as woll, 

In addition, this invostigation has 
demonstrated that there is a need for further 
investigation and evaluation of a quantitative 
analysis by the differential thermal method, 

It is hoped that this work has contributed 


to the necd for rescarch in this field. 
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COITENTS ¢ND RECOMMENDATIONS 

In general, it is believed that the procedures, 
techniques and equipment used by Hudson and Hoskins 
in their study on differential thermal analysis 
is suitable for a qualitative analysis of unknown 
clay specimens and that their results can be 
duplicated by other investigators, Howevor, it 
is believed that certain modifications should be 
made in the procedures and equipment before an 
attempt is made to make a quantitative analysis 
of unknown clay minerals. These modifications 
are outlined below, 
Heating Rate: In order to obtain a more 
uniform heating rate as well as one which is more 
consistent with the temperature control mechanisn, 
it is recommended that the two 1000-watt furnaces 
be converted to 1750-watt furnaces, It will be 
necessary to carefully calibrate these furnaces 
in order to ecliminate the difficulties described 
in Appendix H, 
Grain Size: In order to be able to obtain a 
sufficient quantity of active material from an 
unknown sample for test purposes, it is recommended 
that future tests on differential thermal curves 
for pure clays bo made on 200-nan grain sizes, 
It has been found that the use of this grain 


size gives convoniont quantities of active 
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material for each of the three clays tested, 

It is further recommended that this grain size 

be used for the standard in order to obtain tho 
most consistent results. 

Pretreatment: It has been found that many 
factors used in treating a clay specimen prior 

to testing determines, to a large extent, the 
shape of the differential thermal curve, It is 
desired to emphasise the necessity for uniform 
pretreatment of all clays to be tested ifa 
quantitative analysis is to be attempted, 
Standard differential thermal curves prepared for 
pure clays rccciving ono type of pretreatment 

may not compare with other differential thermal 
curves obtaincd from the same pure clays which 
received a slightly diffcrent protreatment, It 
is recommended that clays to be tested be oven- 
dricd at a temperaturo of 50° © for a poriod of 
24 hours, Oven drying for longer periods of time 
tends to reduce crystal-lattice water and there- 
fore reduccs the magnitudes of the thermal 
reactions, 

Tonssaturation: ~The influenee of ‘fon 

saturation on the differential thermal curvos 

has been discussed in the section on Results 

and Conclusions, It is rocommcnded that further 
quantitative work on this subject be accomplished 


in order to dctcrmine tho cxtont of the influence 
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of this factor on differential thermal curves, 


Weight of Material: Since the magnitude of the 





reaction is a direct function of the weight of 
the active material present in the sample, it 

is recommended that future differential thermal 
tests be made on the basis of measured weights 

of the sample, It is further recommended that the 
weight of the standard be identical with that of 
the sample in order to reduce displacement of 

the base line. It has bcen found as a result 

of this investigation that a change in the weight 
ratio merely serves to shift the base line of 

the differential thermal curve and does not effect 
the magnitude of the reaction which is dependent 
only on the weight of the active material present, 
In addition, there is no evidence to indicate 

that the specific heats of the two materials 
changes at a constant rate with temperature 
change, Therefore, it is believed that using 
weight ratios based on specific heats would not 
serve a useful purpose in quantitative analysis 
of clays, 

Conductivity: In the section on the Results 

and Conclusions it was pointed out that the 
differences in conductivity between the sample 
and the standard results in a displacement of 


the base line but does not effect the amplitiude 
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of the reactions for a given weight of active 
material, In order to achieve the most consistent 
results for a quantitative analysis it is recommended 
that the base line of the curve be used in 
measuring the amplitude of the reaction. In 
addition it is recommonded that tests be made to 
determine the effects on the differential thormal 
curve by using constant weights of material but 
varying the grain size of the sample and standard, 
Magnification of .mplitude: In order to permit 

a more detailed analysis of the magnitude of the 
smaller reactions of bentonites and illites, 

it is recommended that the Speedomax circuit be 
modified to provide a choice of amplification 
scales, It is believed that this modification 
would require neither an extensive nor expensive 
alteration of the existing equipment and that 

such a choice of scales would permit a more 
sensitive analysis of significant reaction 


magnitudes, 
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APPENDIX A 
PHOTOGRAPH OF TEST EQUIPMENT 
PHOTOGRAPH OF RoCORDING EQUIPMENT 
CIRCULT DIAGRAM 
PHOTOGRAPH OF SAI PLE HOLDER 
DETAIL DRAWING OF SAMPLE HOLDER 
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PHOTOGRAPH OF BQUIPIENT 





PHOTOGRAPH OF R=CORDING APPARATUS 
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APPENDIX B 


RECORD OF TESTS CONDUCTED 





RECORD OF TEST CONDUCTED 


I, Grain Size Studies; 


4.0 

140-200 

200=pan 

Bentonite 100-140 


140-200 
200-pan 
Illite 100-140 
140-200 
200-pan 
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TI, Pretreatment Effects on Illite (140 - 200 Mesh) 


Treatment No, of Tests 


‘is Receivec 

Oven Dried 
Dispersed in H,0 
Treated with HO 

Treated with 205 and HCl 





III, Effect of ‘eight of Sample (140 - 200 Mesh) 


Standard No, of Tests 


IV. 


Bentonite 
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V. 


VI. 


VII. 


VIII. 


NOTE : 


Effeots of Ion Saturation(140 - 200 Mesh) 


Oley ss | On CC Ge 
Kaolinite Hydrogen 
Calcium 
Potassium 
Sodium 
Hydrogen 
Calcium 
Potassium 
Sodium 
Hydrogen 
Calcium 
Potassiun 
Sodium 




















Bentonite 






Lllite 
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Effect of Ratio of Weight of Sample to Weight of 
Standard (140 - 200 Mesh) 


Kaolinite | 0.50 | Alumina 


Bentonite 


Kaolinite 
Bentonite 


PRR HRN} 


No, of Tests 





Miscellaneous Tests 


pe of Test No, of Tests 


Differentia he rma L 
Check on 1750 Watt Furnace 18g 
Use of Calcined Kaolin as Staniard it 
Conductivity Test (Alumina in Sample 

and Standard) 4 
Tests on Varved Clays 3 


All weights are measured in Grams. 
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APPENDIX C 


EFFECT OF VARIATION IN GRAIN SIZE ON THE 
DIFIERENTIAL THERMAL CURVE 
1, Kaolinite 
2. Bentonite 
3. Illite 
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APPENDIX D 


EFFECT OF PRETREATIENT ON THE DIFTERENTIAL THERMAL CURVE 
1, Pretreatment of TAGS 
2, Effoct of Ton Saturation on Kaolinite 
3. Effect of Ion Saturation on Bentonite 
4. Effect of Ion Saturation on Illite 
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APPENDIX E 


EFFECT OF SAMPLE WEIGHT ON THE DIFFERENTIAL THERMAL CURVE 
1, Sariple Weight of Kaolinite 
2. Wixture of Kaolinite and Alumina 
Be Mixture of Bontonite and Alunina 


AX. Mixture of Illite and Alunina 
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APPENDIX F 


1, CALIBRATION CURVE FOR KAOLINITE 
Ze CALIBRATION CURVE FOR BENTONITE 
3. CALIBRATION CURVE FOR ILLITE 
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APPENDIX G 


DIFITERENTIAL THERMAL CURVES OF MIXTURES OF 
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KAOLINITE ..ND BENTONITE 
Differential Thernal Curves 
Comparison of Kaolinito Endothornic Recetions 
Conparison of Bontonito Endothernic Roactions 


Conparison of Kaolinite Exothornic Reactions. 











WOAY/L) OPO 


ee 


4 


i 
Aa MOT EE 


bf 


O09 Gewronire 
a ae 
4 


XN 
x 














Strrypte TENYOE TIVE We Ee 








—— —————— ——————— 
-—— 


SWEYD NI FLINITONSY 0 L/12/FN4 Ny 
3 t 
ov 60 20 Zo 90 LO Lo £0. 20 +o ° \y 
1 ' ' oOo 


, ; 3 _ US! \ d | > ed } , 4 : 
! i | ! : i : i 
t —i'.* ? Sm 9 Me et | i oe ee ee ee | ae eee eee tS Be = = | ee Be 
aman Rael, | eta pe hele 
| [ | ; sowed 3 Sd - | : ; fa pen 4 ss parm t etl = - 
Pera: LIMIT OY INE peti K 7 | ' ve ; | : r . 
~ FLINT AY LPO 0 | Sima ey'vel| (| pe, es) Ste oxrenge T= Si ee 
HOM AALS rer ENOL ERD. Vez LOTALA : ; [- 
SLIMY BLO SOFIA LIN SCL, ned : | 


=7e- AOE 1SILABD w SAMOS SPADA — —— —1 5 +--+ ae } a es 


’ 
— $ 
; L i 
. ae + ae O [7 eee 
| i 
| : 
—= | i~ ----+ _ - t - - > - : —s oe . 
: j 


jOLO 














DVL DLINOLNIG ~FAINVIOGS 5 


ce a a a So = Ve Qo 


SLIOAIVI LY NI SNOMLIVIA HWVWIG AO PONLINIWLS 











! | / . | | 
ake t* i 7 —p — sage wr semciveg se Foe ——— | 


Ee | | ‘Oo | r . 22 


mio i ta “. " ao F : arr a ee 2 el. oe ass ij =-F a T ; % 
Ai 
! 
| 








(SPSL CNIANITY ~ FLINOLNIG 

La one BLINTTOMY ~ ILINOLN IGF mM 
FLINOLAI EF A 2) SLLA/9ISAA MAAON SY way 
ENOL IVT AY DUA LOONLT BLINOLNIG. 
LSM of Ags 40 STIONLINGGNLY ad, 


IO MOLIAPLIOD wy DITIONS PANS, > 
, { 





SLIOAIVIMAY NI SNOILIV Tf NVIS SO IONLINOWLS 











SAIVAD NI FLINIIOCSY YO LHDOLIAA Ms 
os 60 80 Zo Go £0 20 £0. 2o 72 o, & 


A ell 
b 





Peres yee ow ae 
= PLIDI POR | AY Lars roty vO LA DIDAM 
wean ys Kg PAO Diy | Dba BN LOX SZ, 
PLINIPOUY wrt IO int dh V gual Serio Wed : 
a oo NOSTHYHNIOD e DNIMon se oe. a (ee hia eee 





PO ES | Mee at 











SLION/TIWUWLS ANY ENOLLICIY Neo SO JOCNLINIDL 


PHILS oS 
t-  BAILITIIE = SLINTIONYy 


! . : 
= =o SS 21. 2) ae ; 


| 
7 1 
pein yy a ee 





— 














APPENDIX H 


DISCUSSION OF 1750-\/ATT FURNACE 








DISCUSSION OF 1750 WATT FURNACE 


The furnace used at tho start of this 
investigation contained a 1000-watt heating elenent 
supplied by a one=-kilowatt transforner, Although 
the tonperature control mechanisn was set for a 
heating rate of 1023° C per hour, an actual heating 
rate - as recorded by the Brown Potentioneter - 
of about 900° © ner hour was all that could be 
obtained, This temperature lag also resulted 
in a non-uniform heating rate. 

It was believed that by replacing the 1000- 
watt element with a 1750-watt elenent supplied 
by a two-kilowatt tna riesuimeinlly the above mentioned 
difficultics could be clininated, Two 1750-watt 
furnaces were ordered fron the Hoskin's Manufactur- 
ing Cornpany and wore installed, 

Calibration checks, using alunina in both 
cells of the sarple wogsaanaes, revealed that an 
improved heating rata could be obtained but that an 
extremely erratic differential temperature curve 
resulted, The difficulty could not be attributed 
to faulty differential thermocouples because 
various differential thermocouples were used, 
sone of which had been previously calibrated in the 
1000-watt furnace and had been found to be satis- 


factory. 








Further ppvnauics and checks of tne renaining 
1750-watt furnaces resulted in the gradual elininae 
tion of the difficulties experienced in the 
initial use of this clencnt. It is belicved that 
the problem was due prinarily to an inherent 
characteristic of the heating clenent which was 
elininateda by continued use, 

Since higher and nore uniforn heating rates 
can be obtained by use of the 1750-watt eloncnts, 
it is recormended that the cxisting 1000-watt 
elements in two of the furnaces be replaced by 
1750-watt clemonts., In addition, it is recommended 
that further tests be conducted to detcrnine ths 
true nature of the induced voltage in order to 
insure the reliability of data obtained by the 


use of the higher canacity clonents. 
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